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Introduction
• Biodiesel production results in a 
large quantity of crude glycerol 
(glycerin) being produced [1].
• A large supply of crude glycerol with 
low demand has resulted in low 
prices (Figure 1). Crude glycerol is 
approximate $0.10/lb and feedstock 
price $0.28/lb. [2].
• Finding an efficient method for 
utilizing this readily available 
commodity is an intriguing 
opportunity for profit.
Background Information
• Glycerin market is heavily affected 
by biodiesel production.
• Refined glycerin (USP 99.7%) has 
greater demand, but refining is not 
cost-effective on a large scale [3].
• Glycerol thermally degrades before 
vaporizing. Vacuum distillation is a 
solution to this problem [3].
Constraints and Opportunities
• Opportunity: Convert crude 
glycerol directly to a product and 
bypass the purification process.
• A Glycerol-based biorefinery 
produces fuels and chemicals 
through microbial fermentation of 
crude glycerol [1].
• Constraint: Requires microbes 
(bacteria) that are tolerant to 
inhibitors in crude glycerol [1]. 
Biorenewable Systems
Semester Project – Fall 2017
References
[1] W. Choi, M. Hartono, W. Chan and S. Yeo, "Ethanol production from biodiesel-
derived crude glycerol newly isolated Kluyvera cryocrscens," Appl Microbial 
Biotechnology, vol. 89, pp. 1255-1264, 2011. 
[2] “Reports,” Biodiesel - Glycerin historic pricing data. [Online]. Available: 
https://www.thejacobsen.com/. [Accessed: 05-Nov-2017].
[3] I. Contreras-Andrade, E. Avella-Moreno, J. Sierra-Cantor, C. Guerrero-Fajardo, J. 
Sodre, “Purification of glycerol from biodiesel production by sequential extraction 
monitored by 1H NMR,” Fuel Processing Technology, vol. 132, pp. 99-104, 2015.
[4] B. Oh, J. Seo, S. Heo, W. Hong, L. Luo, M. Joe, D. Park and C. Kim, "Efficient 
production of ethanol from crude glycerol by a Klebsiella pneumoniae mutant strain," 
Bioresource Technology, vol. 102, pp. 3918-3922, 2011. 
[5] J. O'Grady and J. Morgan, "Herographic growth and lipid production of Chlorella 
protothecoide by using biodiesel-derived crude glycerol," Bioprocess Biosystem
Engineering, vol. 34, pp. 121-125, 2011. 
[6] Y. Liang, N. Sarkany, Y. Cui and J. Blackburn, "Batch stage study of lipid production 
from crude glycerol derived from yellow grease or animal fats through microalgal
fermentation," Bioresource Technology, vol. 101, pp. 6745-6750, 2010. 
[7] A. Ryswiska, W. Rymowicz, B. Larowska and M. Wojtatowicz, "Biosynthesis of citric 
acid from glycerol by acetate mutants of Yarrowia lipytiuca in fed-batch 
fermentation," Food Technology and Biotechnology, vol. 47, pp. 1-6, 2013.
[8] Y. Liang, Y. Cui, J. Trushenski, and J. W. Blackburn, “Converting crude glycerol 
derived from yellow grease to lipids through yeast fermentation,” Bioresource
Technology, vol. 101, no. 19, pp. 7581–7586, Oct. 2010.
Potential Solutions
1) Ethanol Production
• Almost 40% is saved when 
produced from glycerol instead of 
corn-derived sugars (when 
considering feedstock demand and 
operational costs) [4].
• Different bacteria can be used such 
as Kluyvera cryocrescens S26
(natural) and Klebsiella
pneumoniae (mutated) [1] [4].
• Depending on method, production 
levels of 21.5 to 27 g/L and 
productivities of 0.61 to 0.93 g/L/h 
can be reached [1] [4].
Lipid Production
• Microalgal fermentation of glycerin 
from biodiesel production in batches 
shows a promising future for a 
continuous production [5].
• Lipids produced recycled into the 
biodiesel production process.
• S. Limacinum SR21, Chlorella 
Protothecoides , Cryptococcus 
curvatus [5] [6] [8].
• Can reach production levels of 
60.7% to 73.3% g lipids/g glycerol [5] 
[6].
• C. Curvatus was unaffected by 
methanol concentration in the crude 
glycerin [8]; however, Lipid
production with S. Limacinum is 
optimized with low methanol 
concentrations [6].
2) Citric Acid Production
• Certain yeast varieties, such as 
Yarrowia lipolytica, can perform 
citric-acid (CA) fermentation in batch 
fed fermenters.
• Citric-acid fermentation produces 
citric acid along with lesser amounts 
of byproducts (Isocitric acid, ICA) [7].
• The resulting product can be 
separated to provide pure citric acid.
Pure Glycerol Crude Biodiesel 
Glycerol
Conversion (Grams 
CA Produced per 
Gram Glycerol 
Consumed)
69% 66%
Table 1. Glycerol to CA Fermentation Performance [7]
Figure 2. Crude Glycerin (left) Tech Glycerin 
(Right) (biodiesel magazine)
Chosen Solution
